Background: Local recurrence (LR) after breast-conservation therapy for breast cancer occurs in 10% to 15% of cases. A subset of these represents biologically aggressive disease, yet prognostic features for identifying this high-risk category are lacking. We hypothesized that lymphatic mapping and sentinel lymph node biopsy would provide useful information regarding dominant lymphatic drainage patterns of patients with LR.
Breast cancer incidence rates continue to increase among American women; however, earlier detection of disease with screening mammography, coupled with advances in breast cancer treatment, is resulting in overall outcome improvements and decreased mortality rates. 1 These trends will result in larger numbers of patients treated by breast-conservation therapy (consisting of lumpectomy and adjuvant breast radiotherapy), and the preserved breast is an ongoing source for additional neoplastic events in the form of true local recurrence or new primary tumors. Salvage mastectomy is the standard of care for local control in these cases, with 5-year survival rates averaging 60% to 75%. [2] [3] [4] [5] [6] [7] The prognosis for patients with recurrent disease in the breast has been correlated with the disease-free interval, the size of the recurrence, and the status of the regional lymph nodes. 3, 4, [8] [9] [10] [11] Nodal staging of the axilla is compromised in patients who have previously undergone a standard level I/II axillary lymph node dissection (ALND). Furthermore, primary lymphatic drainage patterns are likely to have been diverted toward nonaxillary nodal basins as a consequence of the prior ALND, as well as the adjuvant breast radiotherapy. This has been demonstrated to a limited extended in some studies with small sample sizes. 12 Identification of aberrant lymphatic drainage pathways also helps to explain the pathogenesis of unusual patterns of breast cancer failure, such as contralateral axillary metastases. 13 Determining the systemic adjuvant therapy needs in locally recurrent breast cancer is challenging. Most local recurrences will be successfully treated by salvage mastectomy alone. A subset of these cases, however, will represent biologically more aggressive breast cancers for which systemic therapy is warranted, but currently available imaging studies are inadequate for identifying these patients.
14 Identification of regional nodal metastases would be a marker of the high-risk subset 9 ; however, surgical staging of the nodes is limited in the context of a conventional completion mastectomy. We hypothesized that lymphatic mapping and sentinel lymph node biopsy in patients with locally recurrent breast cancer would facilitate the ability to surgically stage their regional lymphatic drainage patterns. This study was designed to evaluate the clinicopathologic features, including correlations with lymphatic mapping and lymphoscintigraphy findings, in a series of breast cancer patients treated for local recurrence.
METHODS
The conduct of this retrospective review was approved by the Institutional Review Board for the University of Michigan. The medical records were reviewed for all breast cancer patients undergoing surgery at the University of Michigan Comprehensive Cancer Center between January 2002 and December 2004 for a diagnosis of local recurrence after prior breast-conservation therapy. Clinical and pathologic characteristics of the initial primary cancer diagnosis and the recurrence were evaluated.
The Surgical Breast Section at the University of Michigan has used lymphatic mapping and sentinel lymph node biopsy in the management of primary breast cancer since 1999, and in 2002 we expanded its application to include patients undergoing completion mastectomy for locally recurrent breast cancer. Because lymphatic mapping would not be considered the standard of care in surgically treating patients with local recurrence from breast cancer, the final decision regarding the use of this approach is left to the discretion of the primary surgeon and the patient. Our mapping procedure has been internally validated for accuracy and is standardized as follows: a subareolar injection of 4 mCi 99m Tc-labeled sulfur colloid (unfiltered) is administered 18 to 24 hours before the scheduled cancer surgery. Preoperative lymphoscintigraphy is performed on the morning of surgery. The primary surgeon injects 3 to 5 mL of blue dye (Lymphazurin 1% isosulfan blue dye, U.S. Surgical Corp., Norwalk, CT) into the breast peritumorally and into the dermis overlying the tumor 5 minutes before making the skin incision. The sentinel nodes are identified during surgery by visual inspection, palpation, and use of the handheld gamma detector. The sentinel nodes are evaluated pathologically for evidence of metastases by serial sectioning with hematoxylin and eosin staining.
Lymph nodes retrieved in the surgical specimens of patients with local recurrence were evaluated on the basis of whether lymphatic mapping was performed. Patterns of primary lymphatic drainage (as documented by preoperative lymphoscintigraphy) in the locally recurrent breast cancer cases were compared with patterns observed in our institution for a representative sample of control patients who underwent sentinel node biopsy for primary breast cancer within the same time period. The cases and controls for this study were identified via the University of Michigan Surgical Breast Section procedure records. Comparison of the drainage patterns reported by lymphoscintigraphy was evaluated by v 2 statistical testing.
RESULTS
Fourteen patients undergoing completion mastectomy for locally recurrent breast cancer were evaluated. The clinicopathologic profile for these patients is shown in Table 1 . The median age for these patients at the time of the initial breast cancer diagnosis was 50 years, and the mean time to local recurrence from the date of primary disease detection was 43 months (range, 14-170 months). The median age at the time of local recurrence was 54 years (range, 34-70 years). Ten of these patients (71%) had lymphatic mapping and sentinel lymph node biopsy performed concomitantly with their completion mastectomy. Lymphatic mapping was performed with blue dye as the only mapping agent in one case and with dual agents (blue dye and isotope) in the remaining nine cases. Four patients underwent completion mastectomy alone, with no lymphatic mapping.
Lymphatic mapping and surgical pathology findings from these cases of local recurrence are listed in Table 2 . Among the four cases managed by completion mastectomy alone, only one patient had lymph node tissue identified in the surgical specimen, and this incidentally detected lymph node within the axillary tail of the breast was a metastatic lesion. A sentinel node was identified in 9 of the 10 mastectomy cases performed with lymphatic mapping (sentinel identification rate, 90%), and none of these nodes was metastatic. For the nine cases that included dual-agent lymphatic mapping, radioactive sentinel lymph nodes were identified in eight (89%). One patient had no radioisotope uptake on preoperative lymphoscintigraphy, and no uptake was detected during surgery, either; this patient did have a single blue-stained sentinel node in the ipsilateral axilla. It is interesting to note that this patient had undergone prior sentinel lymph node biopsy (without completion ALND) at the time of her initial breast cancer operation. The one patient who underwent lymphatic mapping with blue dye only had a single blue node identified in the ipsilateral axilla. The case of sentinel node nonidentification occurred in a patient with lymphoscintigraphy results that revealed contralateral axillary and internal mammary drainage; however, it had been decided before surgery to attempt retrieval only of ipsilateral axillary nodes. Eight of the sentinel node specimens identified by isotope mapping were located in the contralateral axillae; three of these patients also had ipsilateral internal mammary chain sentinel nodes. Only one patient had ipsilateral axillary sentinel lymph node location. This patient had been previously treated for ductal carcinoma-in-situ by lumpectomy and breast radiation, but not by ALND.
The lymphatic drainage patterns for these cases of local recurrence were also compared with the patterns observed on preoperative lymphoscintigraphy performed on a sample of 117 patients with primary breast cancer treated within the same time interval as the study population of patients with locally recurrent breast cancer. In the primary breast cancer patients, extra-axillary sentinel nodes were detected in 17 cases (14.5%): supraclavicular in 12; internal mammary in 4, and internal mammary as well as supraclavicular in 1. Concomitant ipsilateral axillary drainage was detected in all 12 of these cases. The difference in the rate of nonipsilateral axillary drainage between the primary breast cancer and locally recurrent breast cancers, as documented by lymphoscintigraphy, was statistically significant (14.5% vs. 66.7%; P = .001).
The median number of lymph nodes retrieved for pathology evaluation in the local recurrence cases managed by mastectomy only was 1 (range, 0-1), versus 3 (range, 1-6) in the cases in which lymphatic mapping and sentinel node dissection were performed. The median number of sentinel nodes retrieved among the patients who underwent sentinel node dissection for early-stage primary breast cancer was also 3.
DISCUSSION
Advances in breast cancer management, including an expanded armamentarium of hormonally active agents, chemotherapy, and novel targeted therapies, have resulted in improved disease-related outcomes. Furthermore, several trends in cancer surveillance and treatment are likely to improve eligibility for breast conservation therapy 15 :
1. Increasing incidence rates of breast cancer among young women. 2. Earlier detection of breast cancer via screening mammography, with more tumors detected at sizes that are amenable to lumpectomy. 3. Expanded applications for neoadjuvant chemotherapy, with tumor downstaging and increased breast-conservation therapy eligibility.
As the subset of conservatively treated breast cancer patients enlarges, in conjunction with prolonged survival from the disease, we are likely to see an increased number of women with either true inbreast recurrences or new primary tumors in the previously treated breast. The survival equivalence of breast-conserving approaches compared with mastectomy for stage-matched patients has been definitively documented in multiple phase III clinical trials. [15] [16] [17] [18] Although it has been definitively documented by multiple phase III clinical trials that overall survival from breast cancer is equivalent for stage-matched patients regardless of the choice for lumpectomy versus mastectomy, it has also been demonstrated that the development of a local recurrence is a marker of inherently more aggressive primary tumor biology. 8 A local recurrence in the breast is associated with a 3 to 5 times greater risk for experiencing distant failure. 8 Salvage mastectomy is currently the standard-ofcare management for patients who develop ipsilateral cancerous lesions after previous treatment by lumpectomy and breast radiation, and approximately two thirds of these patients will have prolonged diseasefree survival after the completion mastectomy. Collectively, these patterns suggest that a subset of in-breast recurrences are indicators of high-risk disease for which systemic adjuvant therapy would be warranted; another subset (the majority) are cases that will be adequately controlled by more extensive local therapy alone. Identifying these disparate subsets at the time of local recurrence has been an ongoing challenge to clinicians involved in the multidisciplinary management of breast cancer since the breast-conservation trials were initially completed. Table 3 summarizes the results of selected studies that have attempted to identify prognostic features associated with outcome after completion mastectomy for local recurrence. As shown, there are no consistent characteristics to determine when systemic therapy is indicated for a local recurrence. The infrequency of nodal metastases in our series of local recurrences (1 in 14) supports the concept that only a minority of in-breast failures represent biologically aggressive disease.
The disease-free interval, the size of an invasive local recurrence, and the presence of nodal metastases at the time of recurrence have been correlated with the need for systemic therapy to address distant micrometastases. As with primary breast cancer, the presence of regional nodal disease is an excellent surrogate marker for potential micrometastases in distant organs. Most invasive breast cancer patients treated >5 years ago, however, will have already undergone an ipsilateral ALND. This results in an anatomically altered axillary fat pad for resection in cases in which completion mastectomy is required for management of a local recurrence. It is likely that the primary lymphatic drainage of the breast will have been rerouted as a consequence of the previous axillary surgery, and breast radiation may alter intramammary lymphatic patterns as well.
The conventional salvage mastectomy performed for locally recurrent breast cancer is therefore inadequate for obtaining information regarding the regional extent of disease. Foci of occult metastasis in the ipsilateral axilla will be more difficult to identify, and lymphatic drainage to the alternative nodal basins will be overlooked completely. The technology of lymphatic mapping and sentinel lymph node biopsy for breast cancer offers a unique opportunity to explore and restage the patient who experiences a local recurrence from breast cancer. Dominant lymphatic drainage to extra-axillary nodal basins, such as the internal mammary chain, the supraclavicular fossa, and even the contralateral axilla, is identified by lymphatic mapping and preoperative lymphoscintigraphy in approximately 10% of patients who undergo surgical treatment for primary breast cancer.
This study confirmed our a priori hypothesis that primary lymphatic drainage patterns in the breast are different after an ALND with or without breast irradiation. Lymphatic mapping with radioisotope injection and lymphoscintigraphy in our subset of patients who underwent mastectomy for locally recurrent breast cancer revealed drainage to extra-axillary sentinel lymph nodes in nearly all cases. Because regional metastatic spread of disease will similarly be affected, this information can direct the surgical staging plan, and systemic therapy recommendations can take into account the presence versus the absence of disease in any aberrantly located sentinel nodes. Figure 1 demonstrates the lymphoscintigraphy results in a patient who underwent completion mastectomy after prior ALND and had primary lymphatic drainage detected in the internal mammary and contralateral axilla. We included four cases of salvage mastectomy alone (without lymphatic mapping) performed for local recurrence during the same time frame as our study patients, and this sample demonstrated the typical scenario of few or no lymph nodes retrieved with this ''conventional'' approach. Only three of the patients in our series received chemotherapy for their local recurrence-the one patient with nodal failure, another patient with a 5-cm invasive recurrence, and the patient whose mapping was unsuccessful in identifying any sentinel lymph nodes. Had any of the other patients been found to harbor metastases in their aberrantly located nodes, it is likely that they would have received systemic therapy as well.
Patients with local recurrence after prior lumpectomy and limited axillary surgery (e.g., sentinel lymph node biopsy) are also likely to benefit from lymphatic mapping and sentinel node biopsy at the time of their in-breast relapse. There are few data reported thus far on the feasibility of repeat mapping procedures in breast cancer patients. The surgical breast group at Memorial Sloan-Kettering Cancer Institute reported on results from ''reoperative'' sentinel lymph node biopsy in a series of 32 patients who had undergone prior axillary surgery for both benign and malignant conditions, and they had an identification rate of 75%. 19 Our group has looked at the feasibility of sequential sentinel node biopsy procedures in neoadjuvant chemotherapy patients before and after the induction systemic therapy, with identification rates of 92%. 20 This study included only one patient whose initial breast cancer had been staged by prior axillary sentinel lymph node biopsy. This patient had another axillary sentinel node detected by blue dye mapping at the time of her mastectomy for local recurrence. Even in cases of local recurrence after breast conservation with no prior axillary operation, lymphatic mapping may improve staging of the relapse, because the breast radiation may have altered the primary lymphatic drainage patterns.
In summary, our study demonstrates that lymphatic mapping for locally recurrent breast cancer is feasible. Lymphatic mapping performed with radioisotope and lymphoscintigraphy is likely to identify sentinel nodes located in the contralateral axilla or the internal mammary chain. Blue dye in addition to isotope mapping increases the sentinel node identification rate. We believe that the nodal staging of patients who experience a local recurrence after breast-conservation therapy can potentially contribute meaningful information regarding the underlying tumor biology and that these findings can be incorporated into recommendations for systemic therapy. Our findings require validation in other breast cancer datasets so that their prognostic value can be defined.
